Ground-based measurements of black carbon (BC) were performed near an 19 industrial source region in the early summer of 2014 and at a remote island in Japan in 20 the spring of 2015. Here, we report the temporal variations in the transport, size 21 distributions, and mixing states of the BC-containing particles. These particles were 22 characterized using a continuous soot monitoring system, a single particle soot 23 2 photometer, and an aerosol chemical speciation monitor. The effects of aging on the 24 growth of BC-containing particles were examined by comparing the ground-based 25 observations between the near-source and remote island sites. Secondary formation of 26 sulfate aerosols through gas-and cloud-phase reactions strongly affected the increases in 27 BC coating (i.e., enhancement of cloud condensation nuclei activity) with air mass aging 28 from the source to the outflow regions. The effects of wet removal on BC microphysics 29 were elucidated by classifying the continental outflow air masses depending on the 30 enhancement ratios of BC to CO (ΔBC/ΔCO) ratios, which was used as an indicator of 31 the transport efficiency of BC. It was found that ΔBC/ΔCO ratios were controlled 32 mainly by the rainout process during transport in the planetary boundary layer (PBL) on 33 the timescale of 1-2 days. The meteorological conditions and backward trajectory 34 analyses suggested that air masses strongly affected by rainout originated mainly from a 35 region in South China (20º-35ºN) in the spring of 2015. Selective removal of large and 36 thickly-coated BC-containing particles was detected in the air masses that were 37 substantially affected by the rainout in the PBL, as predicted by Köhler theory. The size 38 and water-solubility of BC-containing particles in the PBL can be altered by the rainout 39 process as well as the condensation of non-BC materials. 40 41 42 Black carbon (BC)-containing particles in atmosphere can significantly affect the 43 radiative budget of the Earth through two effects; direct (light absorption and scattering) 44 and indirect (aerosol-cloud interactions) effects (Bond et al., 2013; references therein).
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were not so thickly coated (for example, DS/Dcore ratios of ~2.5 at highest at Dcore of 0.2 146 µm). We also analyzed the microphysical parameters of rBC particles measured using 147 the SP2 in the early summer of 2014 at Yokosuka (35.32°N, 139.65°E, Fig. 1) , located 148 near industrial sources along Tokyo Bay (Miyakawa et al., 2016) . These data sets were 149 used as a reference for the BC-containing particles in air masses strongly affected by 150 combustion sources. 151 Equivalent BC (EBC, Petzold et al., 2013) mass concentrations are continuously 152 measured at Fukue Island using two instruments; a continuous soot-monitoring system 153 (COSMOS; model 3130, Kanomax, Japan), and a multi-angle absorption photometer 154 (MAAP; MAAP5012, Thermo Scientific, Inc., USA). The details of the air sampling 155 and intercomparisons for EBC measurements at Fukue Island have been described 156 elsewhere (Kanaya et al., 2013; 2016) . In this study, mass concentrations of EBC 157 measured using the COSMOS were evaluated by comparison with those of SP2-derived 158 rBC. The intercomparison between SP2 and COSMOS will be briefly discussed below. The unmeasured fraction of the rBC mass was corrected by 161 extrapolation of the lognormal fit for the measured mass size distributions, to the outsides 162 of the measurable Dcore range (0.08-0.5 µm). Note that the uncertainty with respect to 163 the unmeasured fraction of rBC mass was minor (<5%) in this study. The linear 164 regression slope of the correlation between EBC and rBC was 0.88 (±0.03). Uncertainty 165 with respect to the calibration was examined in an industrial region and found to be within 166 around 3% (Miyakawa et al., 2016) . The average discrepancy between EBC and rBC 167 was beyond the uncertainty of the calibration and was comparable to the uncertainty of 168 COSMOS (10%) as evaluated by Kondo et al. (2009) . While the validity of the 169 8 calibration standard, FS particles, has been evaluated only near source regions (Moteki 170 and Kondo, 2011; Miyakawa et al., 2016) , the discrepancy can be partly attributed to the 171 differences in physicochemical properties between ambient BC in remote air and FS 172 particles. Onsite calibration of the SP2 using ambient BC particles prepared by a 173 thermal denuder and particle mass classifier, such as an aerosol particle mass analyzer 174 (APM), is desirable for better quantification of the rBC mass based on the laser-induced 175 incandescence technique in remote areas. Although we need to make further attempts 176 to evaluate SP2 in remote areas, this study indicated that SP2-rBC mass concentrations 177 agreed well with COSMOS-EBC within the uncertainty of COSMOS. Therefore we 178 simply use "BC", instead of the EBC and rBC defined depending upon the measurement 179 techniques. We analyzed the COSMOS data for the BC mass concentrations, and the 180 SP2 data for the BC microphysics.
181
The chemical composition of non-refractory submicron aerosols was measured using 182 an Aerodyne Aerosol Chemical Speciation Monitor (ACSM, Aerodyne, Inc., USA.) 183 placed in an observatory container at Fukue Island during the observation period. concentrations lower than the 5th percentile (120 ppb). The validity of this value is 228 discussed in the supporting information (S.I.).
229
Relative changes in SO4 2to CO were also analyzed using the linear regression slopes 230 of their correlation in this study. We did not calculate their hourly values, because it was 231 difficult to determine the background concentration of SO4 2-. The use of CO as a tracer 232 of sulfur compounds in East Asia was validated by Koike et al. (2003) . Although sulfur 233 dioxide (SO2), which is a major precursor of anthropogenic SO4 2-, does not always share 234 the emission sources with CO, the special distributions of SO2 emissions is similar to 235 those of CO emissions in East Asia (Koike et al., 2003; Kurokawa et al., 2013) .
236
Analyzing the increase or decrease in the slopes of the SO4 2--CO correlation is beneficial 237 to the investigation of the formation and removal processes for SO4 2-. Especially, the 238 aqueous-phase reaction of SO4 2in clouds is discussed using this parameter. and Japan (JP) (Fig. 1) . The period when air masses passed over the domains NE, KR, 260 CN, and CS at least for one hour is defined as that of "continental outflow". The impacts 261 of precipitation on the observed air masses were assessed by a parameter referred to as 262 the "Accumulated Precipitation along Trajectory" (APT, Oshima et al., 2012) . In this 263 study, we calculated the APT values by integrating the amount of hourly precipitation in 264 the Lagrangian sense along each 3-day back trajectory of the sampled air masses. The 265 hourly variations of APT were merged into the observed gas and aerosol data sets. during this period, which is typically dominant in spring over East Asia (Asai et al., 1988) . 273 We here only briefly describe the meteorological fields (wind flow and precipitation) in and East China Sea region (i.e., increasing precipitation from south to north), and these 295 results suggest that transport pathways can greatly affect the wet removal of aerosols.
296
The APT was compared with the averaged latitude of each trajectory for 48 h backwardly 297 from the time of -24 h (LatORIG) (Fig. 4b) , which can be interpreted as an indicator of the 298 latitudinal origin of the air masses arriving at Fukue Island. The high APT values 299 corresponded to the air masses that originated from the southern regions (20º-40ºN).
300
The data points are colored according to the maximum RH values along each backward 301 trajectory (RHmax). The lower relative humidty (RHmax) were observed in the air masses 302 with low APT values that originated from northern regions (30º-50ºN). These air mass 303 characteristics were consistent with the mean precipitation field (Fig. 4a) . Some of the 304 data points showed high values of RHmax (~100%) when their APT was almost zero.
305
These data probably correspond to the air masses that experienced cloud processes not 306 associated with precipitation. Possible effects of cloud processes without precipitation 307 on the removal of aerosol particles during transport will be discussed using these data 308 points in the following section. an order of magnitude by using the parameterization, which is however overly pessimistic.
323
The temporal duration in rain along trajectories for air masses with the APT greater than 324 0 mm was 10 (±8) hours on average. These values can be used for the estimation of the 325 removed fraction of submicron aerosols through the washout process. The average 326 fraction of submicron aerosols removed was 1% (+2.59%/-0.9%). Even though we took 327 into account the uncertainties for estimating Λaccum, it was found that the washout process 328 did not play a major role in the removal of BC in East Asian outflow. . 4a) , when the APT was greater than 10 mm. size distributions of BC largely varied in the size range less than 0.1 µm (Fig. 7a) . In 
Discussion
455
Not only in-cloud scavenging of BC-containing particles but also subsequent 456 precipitation (i.e., the rainout process) can account for the changes in the microphysical 457 20 parameters of BC detected in this study. Our results show a decrease of both the peak 458 diameter of the BC mass size distribution, and the modal value of the DS/Dcore ratios in 459 relation to the rainout. The observed evidence implies that there can be the selective 460 removal of large and water-soluble BC-containing particles during transport in the PBL.
461
The Köhler theory suggests that a lower super saturation is needed for the large and highly well fitted by a log-normal function (Fig. 7b) . Figure 8 showed the existence of BC-471 containing particles with the DS/Dcore ratios higher than 1.2 even in outflow air masses 472 with BC loss that are expected to readily act as CCN. Air masses sampled at the ground 473 level would be affected by turbulent mixing of those near the clouds around the top of the 474 PBL and those in cloud-free conditions at below-cloud levels. On the other hand, most 475 air masses sampled by aircraft measurements in the FT would experience the cloud 476 processes during upward transport from the PBL. Mixing of air masses in the PBL 477 suggests that they partially experience the in-cloud scavenging processes. The aging 478 (e.g., coagulation) of aerosols particles through the transport (i.e., around ~1 day) after 479 the wet removal events can also lead to the further modification of the particle size and represent the peak diameter of the lognormal fit for each of three mass size distributions.
763
Note that the peak diameter of log-normal fit for the BC number size distributions at 764 Yokosuka was estimated from the peak diameter of its mass size distribution ( Table 2) . 
